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(54)T1lfe: PRIMERS FOtlllEPatAMPLIFICATiaNW METASTATIC SEQUENCES 
(S7) Abstract 



The invention lelates to methods for the detectioo of metastatic diseases such as metastatic prostate, breast and lung catdnoma. in 
fiesh or fixed biolo^od ssmples. Nucleic adds are puiified fiom fixed sanqto of patient tissue or fluid suspected to contain metastatic 
tissue and levene trencribed to cDNA. Metastadc-^edlfc sequences wi^ 
for PGR amirfification comprise sequences ftom the eaoniciiegiops of a in etast ^ 

RNA dnt are not degraded even after kng-tenn storage in paraffin. Metastatic-spedfic expression products include, for example, nucleic 
acids diat contain sequences of die fxostaie specific antigen gene for use hi die detection of metastatic prostate carcuxana. The resulting 
amplified nudeic add sequences vriU mdude metastatic-speclfic sequences which can be easQy derected. The invention also relates to 
nodeic add primen which can be ised for PGR amplificatioo of metastatic*cpedfic sequences such ai sequences which cocrespond to the 
exotiic regions of the PSA gene, and 10 kits which comprire diese primen and odier 
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PRIMERS FOR THE PGR AMPUnC ATION 
OF METASTATIC SEQUENCES 

Background 
S 1. Flddofthelnvendon 

This invention rdates to methods for the sequence-q>ecific 
anq>fification of metastadc nudac adds in the detection 

diseases finomlnologicalsainfries such as metas^ The 
invention also rdates to nuddc add primers ^>edfic to tissue-qiedfic antigens 

10 sudi as prostate q)edfic antigen and to kits contunbigt^ Sudi kits can 

be used to amplify prostate spedfic antigen nuddc adds and provide an effective 
means to detect heretofore undetectable metastatic prostatic neopla^ 
2. Description of the Background 

The walnut-^zed prostate is an encapsulated organ of the 

IS mammalian male urogenital system. Located at the base of the bladder, the 
prostate is partitioned into zones referred to as the cmtral, peripheral and 
transitional zones, all of ivhidi surround the urethra. Hstologically, the prostate 
is a M^iily microvascularized gland comprising fiurly large glandular q>aces lined 
with epitfaeihmivMch»akii^ with the seminal vesides, supply the nugority of fiiud 

20 to the male qaculate. 

As an endocrine-dq[)endent organ^ the prostate responds to both the 
major male hormone, testosterone, and the major female hormones, estrogen and 
progesterone. Testkailar androgen is conaderediniportant for prostate growth and 
devdopment because, in both humans and other animals, castration leads to 

25 prostate atrophy and an absence of any inddenoe of prostatic cardnoma. 

The major neoplastic disorders of the prostate are benign 
enlargement of the prostate, also caUed benign prostatic hyperplasia (BPH), and 
prostatic cardnoma. BPH is very common in men over the age of 50. It is 
characterized by the presence of a number of large distinct nodules in the 

30 periurethral area of the prostate. Although benign, these nodules can produce 
obstruction of the urethra causing rxKturia, hesitancy to void, and difficulty in 
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obstruction of the urethra causmg nocturia, hesitancy to void, ami difiBculty in 
and stopping a urine stream upon voiding the bladder. These conditions 
could also exist in prostatitis vAdch implies an associated inflammation posably 
due to infection. Occasionally, catheterization is required and even suigery. Inthe 
5 more extreme cases, secondary changes in the bladder can occur such as 
hypertrophy, acute retention with secondary upper urinary tract involvement, 
azotemia and uremia Although all of these changes of the prostate may suggest 
pre-malignancy, there is as yet no direct association between nodular hypeq)la«a 
and prostatic carcinoma. 
10 Carcinoma of the prostate is the most common form of cancer in 

human males. In the United States there are aiqiroximately 130,000 cases of 
prostate cancer yearly of which 89)proximately 30,000 will be terminal (G.L. Lu- 
Yao ct al., 269:2633-36, 1993). Histologically, most lesions are adeno- 

carcinomas with well-defined gland patterns, but the more typical malignancy 
IS patterns assodatedwidi the very aggressive cancers are also coinmon. Exceptin 
rare instances, all fomos of fnostatic carcinoma originate in the periphml zone of 
the gland which is palpable upon rectal examination. 

Prostatic cardnomas are st^ed by number and letter accordii^ to 
histological mnem such as the arrangement and appearance of m al ign a nt glands, 
20 and the degree ofanaplasiaofthe cancerous cells. Stage A tumors include the 
incidental or clinically unsuspected cancers. These are detected in autopsy or, 
moie commonly, aftor trans-urediral resection of the prostate for benign prostatic 
hyperplasia and rarely pose a problem to the patient Stage B tumors are 
detectable by rectal digital examination and are also confined to the prostate. 
25 Tumors classified as Bl, B2, and so on, indicate increasing volume of tumor 
fomiation. These tumors are fairly common in older xnen^o begin to dwwagns 
and symptoms characteristic of some forai of prostatic carcinoma. Stage C tumors 
have breached the prostate capsule and may or may not have invaded the 
surrounding tissues such as the seminal vesicles. Those tumors which have 
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saninal vesicle involvement show an 80% conelation with lymph node 
involvement (C2). Stage D tumors have distinct metastases and a 100% 
conelation with lymph node involvement. Over 75% of patients with prostatic 
carcinoma show signs of stage C or D type development with significant urinary 

5 tract involvement Only 5-10% of stage A patients, of Aose v/bo have bem 
followed for 8*10 years, develop stage C or D type prostatic carcinoma althougji 
the probability increases for patients who first present at a fiurly young age. 

In its more aggressive form, transformed prostatic tissue esc29)es 
from the prostate capsule and metastasize invading locally and throughout the 

10 bloodstream and lymphatic system. Metastasis, defmed as tumor implants ^ch 
are discontinuous with the primary tumor, can occur through direct seeding, 
lyniphatic spread arxl hematogenous spread. All three routes have been found to 
occur with prostatic carcinoma. Local invasions typically involve die seminal 
vesicles, the base of the urinary bladder, and the uredira. Direct seeding occurs 

1 5 when a malignant neoplasm penetrates a natural open field such as the peritoneal, 
pleural or pericardial cavities. Cells seed along the sur&ces of various organs and 
tissues within the cavity or can simply fill the cavity spaces. Hematogenous 
spread is typical of sarcomas and carcinomas. Hematogenous spread of prostatic 
carcinoma occurs primarily to die bones, but can include massive visceral invasion 

20 aswell. It has been estimated Aatabom 60% ofnewly diagnosed prostate cancer 
patients will have metastases at the time of initial diagnosis (J.I. Epstein et al.. 
Cancer 71:3582-93, 1993). 

Surgery or radiotherapy is the treatment of choice for stage A or B 
prostatic neoplasia. Surgery involves complete removal of the entire prostate 

25 (radical prostatectomy), and often removal of the surrounding lymph nodes, 
lymphadenectomy. Radiothcnqjy, occasionally used as adjuvant therapy, may be 
either external or interstitial using '"L Endocrine therapy is the treatment of 
choice for more advanced forms. The aim of this therapy is to deprive the prostate 
cells, and presumably the transformed prostate cells as well, of testosterone. This 
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is accomplished by orchiectomy (castration) or administration of estrogens or 
synthetic honnones whidi arc agonists of luteinizing hormone-ideanng hoimone. 
These cellidar messengers directly inhibit tesdcular and organ synthesis and 
si^jpress luteinizing hormone secretion which in turn 
5 secretion by the testes. Deq)itc die advances ntjadem achieving a phaimacol^^ 
orchiectomy, die survival rates for those widi stage C and D cardnomas are rather 
bleak. In die short term, die most promising results will be achieved by eariier 
detection using more sensitive assays. 

Yearly rectal examination is very useful for the early detection of 
10 prostatic neoplasia. This detection method is Cairiy simple and straightforward. 
However, it is subject to bias and not very well standardized. At the earliest, it can 
oidy detect stage B carcinoma and has no capacity to determine i^diedier stages C 
or D arc developing. Furdier, the digital rectal exam is not very sensitive. 
Approximately 30-60% of men have a prostatic neoplasia thai cannot be detected 
IS by die physician, which is iurdier complicated by die fact that these men usually 
present with no symptoms at all. A number of new techniques look promising. 
These include ultrasound and other mediods of noninvasive detection such as 
magnetic resonance imaging (MR!) with endorectal coil. These mediods are 
limited to the detection of formed tumors and are unable to detect prostatic 
20 carcinoma which is just be^nning to invade surroundiiig tissue. 

A number of serum antigens have been charactoized as inaikers for 

prostatic neoplasia These markers are usefol because diey arc relatively 
straightforward to assay using noninvasive procedurcs and may detect prostatic 
neoplasia at very early stages of development. Both m al i g n a nt and normal 
25 prostate epithelial cells were found to express a prostate-specific add phosphatase 
(PAP) which is delectable in scrum by biochemical and other immunological 
techniques. Elevated PAP levels correlate well witii neoplasia that has spread 
beyond the prostate aq>sule. Consequendy, PAP is a useful serum marker for 



t 



1 



W09M1M2 PCT/US9MNMM 



5 

characterizing the later stages of prostatic neoplasia and also for monitoring the 
I»rogress of the disease in patients. 

Various prostate specific antigens have been identified may 
be ofuse in the detection of prostatic carcinoma. One of ti^ more well-studied of 
S these is the prostatic carcinoma associated complex (PAC) also called tiie 
glycoprotein complex (GX. Wright et al., Int J. Cancer 47:717, 1991). Although 
q)ccific for prostatic epithelium, this protein complex of 35-310 kD antigens was 
not correlative for the staging of prostatic carcinoma. 

Another valuable prostate marker is the prostate*specific antigen 

10 (PSA), a serine protease (kaliikrein) found in both normal and neoplastic prostate 
epithelium. Investigations have determined that there is a direct correlation 
between serum PSA levels with the size and stage of a tumor. The normal 
concentration of PSA in men range fiom 0 to 2.8 ng/ml of serum, M«ing the 
Hybritech assay, and firom 0 to 4.0 ng/ml serum using the Yang assay. In one 

15 study, research^ determined that average PSA concentrations in the serum of 
patients grouped according to severity were proportional to the clinical state of the 
tumor (T.A. Stamqr et al., N. Engl. J. Med. 317:909, 1987). These authors did not 
indicate whether PSA levels could be used to determine the pathological stage of 
carcinoma in individual patients. Concentrations of 40 ng/ml were predictive of 

20 advanced stages of disease, but the predictive value of serum ccmcentrations of less 
then 15 ng/ml were less than clear. PSA titers were only marginally usefiil to 
distinguish whether the tumor was contained by or had escaped the prostate. 
Levels greater than 10 ng/ml were typical in patient groups with mwe advanced 
and gland-unconfined carcinomas. However, it was not atypical to find high PSA 

25 levels in patient groups with gland-confined hyperplasia. 

These theories were partiy confirmed in a more rec«t study v^ch 
looked at serum PSA levels in 209 men with various stages of prostatic neoplasia 
(J.E. Oesterling et al., J. Urol. 139:766, 1988). These autiiors dctennined tiiat PSA 
levels showed a statistically significant correlation with pathological stages vAnsa 
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compared within the various groups. However, the levels were far less useful 
when looking at patients on an individual basis. Hieie was a laxge degree of 
variability between patient groups and a dgnificant number of both Msc and 
missed positives. In a rigorous analysis using greater numbers of men and taking 
S into account actual or predicted numbers of carcinoma cells, Paitin et al. 
detemiined that senmi PSA levels were influenced by tumor volume and tiie stage 
of differentiation (A.W. Partin et al., J. Urol. 143:747-52, 1990). Mean antigen 
levels increased with advanced pathological stage, but this seemed to be related 
more to overall tumor volume than to any particular stage of the disease. In £Eict, 

10 immunohistochemical studies revealed that higher stage tumors actually produced 
less PSA, possibly due to the diseased state of the cells. The authors concluded 
that PSA levels are unreliable for preoperative prediction of the pathological stage 
of individual patients. 

Increased public awareness and die develqpmoit of die seram PSA 

IS test has led to an increase in the number of diagnoses of prostate cancer. 
Consequently, the number of radical prostatectomies has increased dramatically 
over the past five years in the United States. The operation begins with a thorough 
sampling of the pelvic lymph nodes. These nodes are reviewed intraoperatively 
by a pathologist If prostate cancer is found, indicating that metastatic spread has 

20 occuned, the operation is stopped, as only organ-confined prostate cancer can be 
surgically cured. If the nodes are free of tumor, the prostate is removed. 

Recent studies report that 40% to S0% of patients diought to have 
had disease localized to the prostate with negative lymph nodes and surgical 
margins, demonstrate a rise in serum PSA by four years after surgery (A.L. 

25 Zietman et al.. Urology 43:828-33, 1994). These patients were found to be under 
staged following radical prostatectomy. The most obvious implication is that 
micrometastases, most likely in the nodes and undetectable by conventional testing 
including PSA, immunohisto-chemical staining and histopathology, must have 
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been present at the time of surg^. These nucioscopicfiKicontimie to graw over 
time, produce PSA, and eventually lead to overt clinical relquse of the canc^. 

Advances in molecular biology, specifically Ae development of the 
polymerase chain reaction, have made possible very sensitive assays for the 
5 detection of spedfic nucleic acid sequences including q[)ecific gene sequences 
(D.P. Jackson et al., J. Clin. Pathol. 43:499-504, 1990; D.P. Wood et al., J. 
Histochem. Cytochem. 42:505-1 1, 1994). These types of studies are dependent, 
in part, on the inherent stability of nucleic acids, particularly double-stranded 
DNA. To demonstrate gene expression, a reverse transcription, polymerase chain 

10 reaction (RT-PCR) technique must be used to amplify a mRNA signal that is 
reverse transcribed into cDNA. This is inherently difficult in formalin-fixed, 
paraffin-embedded archival tissue specimens because of the labile nature of RNA. 
The ubiquitous presence of endogenous and exogenous RNA degrading en2ymes 
(RNases) finther complicates RNA detection. 

15 The feasibility of retrieval of usable quantities of DNA and RNA 

from archival, paraffin-embedded tissue has recently been demonstrated (R.D. 
Foss et al., Diag. Mol. Pathol. 3:148-55, 1994). Highly abundant transcripts sudi 
as albumin have been reverse transcribed and PCR-amplified fiom parafim 
embedded liver biopsies. RT-PCR assays have also been <tescribed for the 

20 demonstration of PSA mRNA in circulating blood (A.E. Katz et al.. Urology 
43:765-75, 1994; and J.G. Moreno et al.. Cancer Res. 52:61 10-12, 1992), bone 
marrow (D.P. Wood ^ al., J. Histodnn. Cytochem. 42:505-1 1, 1994), and lymj^ 
nodes (T. Deguchi et al.. Cancer Res. 53:5350-54, 1993). However, no assay has 
been described ttiat can d^ect micrometastatic PSA mRNA from archival, 

25 paraffin-embedded sections. 

There are relatively few reports describing the retrieval of usable 
quantities of any RNA from fixed, paraffin-embedded archival tissues for use in 
RT-PCR reactions. The majority have amplified relatively abundant genes, 
including albumin, glyceraldehyde-3-phosphate dehydrogenase, hypoxanthine 
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phosiAaribosyl tnuisferase, p-actin, i^oblastoma and porphobilinogeii (F.V. 
Wdzsacker et aL, Biochem. Biophys. Res. Comm. 174:176-80, 1991; J. Ben-Ezra 
et al,, J. Histochcm. Cytochem. 39:351-54, 1991; RJ). Foss et al., MoL Pathol. 
3:148-55, 1994). Although RT-PCR assays of {Hostate cancer cells have been 

5 iqxnted to be more sen^tive than conventional histopathology and immimologic 
techniques (T. Deguchi et al.. Cancer Res. 53:5350-54, 1993), it has been 
presumed that rare sequences are lost because RNA undogoes extensive 
degradation with time. 

Several reports have examined the question of nudeotide 

10 breakdown with respect to archival tissue (D. Shibala et al.. Cancer Res. 48:4564- 
66. 1988; L. Dubeau et al.. Cancer Res. 46:2964-69. 1986). These reports have 
examined both the breakdown process over time and the effects of various 
methods of fixation on the subsequent retrieval of both RN A and DNA (D.P. 
Jackson et al., J. Clin. Pathol. 43:499-504, 1990; and C.E. Greer ct al.. Am. J. Clin. 

15 Path. 95:1 17-24, 1990). Both DNA and RNA appear to undergo degradation to 
progressively smaller firagments until lengths less than about 500 bp for DNA, and 
less than about 250 bp for RNA, have bear reached. PSSbo studied DNA retrieved 
fiom extremely old biological sources of between 4.000 and 13*000 years old (S. 
Paabo, Proc. Natl. Acad. Sci. USA 86:1939-43. 1989). A relatively constant 

20 pattern ofDNAdegradatiori.diaracteri2fid by fragments less than 500 bp in lengd^ 
as well as oxidadve damage to pyiimidines and sugar residues was observed. 

Evaluation of 40 year old formalin-fixed, parafiBn-embedded tissues 
also demonstrated that short DNA fragments remained, although it was suggested 
that insufficient neutralization of the formalin in older archival material may lead 

25 to acid-induced depurination and subsequent inability of the DNA to fimction as 
a template for PCR. Furtha:, formalin is known to react with the amino group of 
nucleotides to cause cross-linking of DNA with proteins. This process is the basis 
for formalin's fixative effect, but this alone does not seem to interfere with 
subsequent amplification by PCR. Several groups have examined the effects of 
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various methods of fixation on subsequent retrieval of nudeic acids for use in PCR 
amplification schemes. Unfortunately, these studies show wide disagreement 
between tfieir findings as to the best preservative, indicating tfiat the tedmique of 
nucleic add extraction itself is as important as die method of fixation. For 

5 example, using sets of primers designed to yield PCR products ranging in size 
fiom llObpto 1327 bp, Greer et al, demonstrated preferential amplification of tfie 
smaller molecular weight fragments when the source of the DNA was archival 
(C£. Greer et al.. Am. J. Clin. Pathol. 95:1 17-24, 1991). Ben-Ezra and coworicers 
utilized a crude, water-boiled extract for RNA and DNA retrieval (J. Ben-Ezra et 

10 al., J. Histochem. Cytochem. 39:351-54, 1991). Foss et al. employed a variation 
of the RNA retrieval method ]xoposed by Cbomcqrnski and Sacchi (ILD. Foss et 
al., Mol. Pathol. 3:148-55, 1994; P. Chomczynski et al.. Anal. Biochem. 162:156- 
59, 1987). Further, the time to fixation was quite raf>id in all of these studies, 
whereas it is likely to have been more variable in the majority of stored archival 

15 specimens. 



have been proposed (D.P. Jackson et al.. Lancet 139:1, 1989; G. Stanta et al., 
BioTechniques 11:304-8, 1991; J. Finke et al., BioTechniques 14:448-53, 1993; 
R.D. Foss et al., Diag. Mol. Pathol. 3:148-55, 1994). These mediods utilize dther 

20 a digestion by proteinase K, >^ch requires an incubation of iq[> to 18 hours to 
liberate cellular RNA, or a variation of techniques based on guanidinium 
isothiocyanate. Based on absorbanceofUV light at 260 mn, it was found that the 
yield of RNA fiom archival sources to be about one-tenth as mudi as fiom fiesh 
tissue. For all practical purposes, a 90% loss of RNA has been considered by 

25 those of ordinary skill in the art to be a complete loss of what are typically refened 
to as the rare sequences. 



A variety of KNA preparative techniques fiom ardiival' sources 



Summary of the Invgntign 
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Tbe present invention overcomes the problems and disadvantages 
aymrf"*"^ with cunent stiat^es and deagns and provides new methods for the 
specific detection of rare RNA sequences sodi as transcription products frrai 
metastatic nec^Iasms, primers usdiil for die PGR detection of metastases and Idts 

S vtUch contain these primers and other reagents useful to n^dly detect metastatic 

I 

diseases. 

One embodiment of the invendon is directed to methods for 
detecting metastatic disorders. A biological sample suspected of containing 
m^astadc tissue is obtained from a patimt and, optionally, fixed and attached to 
10 a solid support such as paraffin. RNA is extracted from the sample and reverse 
transcribed to form cDN A. A target sequence of the cDNA, specific to metastatic 
tissue is amplified, for example, by polymerase chain reaction, and detected. 
Examples of metastatic disorders which can be detected include di s se min ated 
carcinomas of the prostate, breast, lung, liver, pituitary, colorectum, glands, 
15 bladder, oidometrium, pancreas and cervbc, and sarcomas of the muscle, bone, 
cormective tissues and lymph nodes. 

Another embodiment of the invention is directed to methods for 
(tetecting metastatic prostate carcinoma in a biological sample suqpeded to contain 
metastatic prostate tissue. Samples are obtained from patients by surgical cxciaMi 
20 or post-mortem removal. Nucleic acids are purified from the sample, the RNA 
reverse transcribed and a resulting target cDN A sequence diaracteristic for a 
detectable i»ostate expression {nnduct amplified by polymerase chain reaction. 
Usefid target sequences include sequmces wduch encode PSA, PAC and PAP. 
Primers which can be utilized to amplify prostate-specific nucleic adds include 
25 sequences vAich correspond to sequences fiomwidnn exonic regions of the PSA 

gene. 

Another embodiment of the invention is directed to nucldc acid 
primers which can be used to specifically detect metastatic sequences m a 
biological sample. Primers contain a sequence corresponding to die exonic regions 
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of the metastatic-specific gene such as, for example, the exomc regions of the 
prostate specific antigen gene. Primer pairs comprise sequences which are witfun 
about 250 nucleotides of each other along an expressed region of the gene. 

Another embodiment of the invention is dhccted to diagnostic kits 
S which can be utilized to detect and to screen biological sanq)les for metastatic- 
qjedfic sequences in the biological sanq>le. Kits may comprise one or more 
nucleic acid primers specific for metastatic sequences, a thermostable DNA 
polymerase for polymerase chain reactions, and other reagents yrtnch may be 
useful for PCR amplification of metastatic sequences from a biological sample. 
10 Other objects and advantages of the invention are set forth in part 

in the desoription v^ch follows, and in part, will be obvious from this description, 
or may be learned from the practice of the invention. 



TWriptton of the Drawings 
IS Figure 1 cDNA sequence of the prostate specific antigen gene. 
Figure 2 Genomic sequence of the prostate specific antigen gene. 
Figure 3 Schematic of the structure of the prostate specific antigen gene 

with primer positions indicated. 
Figure 4 RT*PCR signals from fiesh tissues for PSA (lane 2, prostate tissue) 
20 and GAPDH (lane 3, human corpus cavemosum). 

Figure S PCR signals of PSA and GAPDH in dilution sequmce of prostate 

mixed with human corpus cavemosum. 
Figure 6 PCR signal for GAPDH from formaldehyde-fixed, rabbit bladder 

tissue (lane 1 ) and parafiBn-embedded, formalddiyde-fixed, human 
25 corpus cavemosum (lane 2), and the negative control (lane 3). 

Figure 7 Amplified 247 bp GAPDH sequoice in a 2% agarose gel. Lane 1 : 

123 bp ladder, lanes 2 and 4: HCCSMC cDNA; lanes 3 and S: 

human lymph node (with prostate metastasis); and lane 6 minus 

DNA control. 
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Figure 8 RT-PCR signals for PSA from prostate tissue using two different 
primers sets. 

Figure 9 Results of primer combinations in RT-PCR e)(perimaits with (A) 
fiesbprostate>(B), (C) and (D)para£Bii-embedded specimens from 
S different patients. , 

Figure 10 RT-PCR signals for PSA from archival prostate visualized by 

ethidium bromide staining. 
Figure 1 1 Southern blot corresponding to ethidium to>mide stained gel 
depicted in Figure 10 demonstrating hybridization of PSA-q)ecific 
10 probe to the ethidium-stained bands. 

[)g;crriptinn of the Invention 

As embodied and broadly described herein, the present invention 
is directed to m^ods, nucleic acid primers and kits for the detection of rare 

IS nucleic acid sequences such as metastatic-specific mRNA sequences in patient- 
derived biological samples as evidence of metastatic diseases and otfier disorders. 

Detection involves reverse transcripticm (RT) of RNA sequences 
obtained from fre^ or fixed biological samples and polymerase chain reaction 
(PGR) amplification of diose sequences wfaidi are indicative of metastatic invasion 

20 of the area sampled. An RT-PCR assay that can be used to detect specific 
expressed gene sequences in, for example, archival tissues offers several important 
possibilities. First, such a sensitive assay would allow prostate metastases to be 
identified retrospectively in sites such as the lymph nodes at levels of sensitivity 
tiiat exceed conventional pathologic methods. Staging for epidemiological studies 

25 would also be greatiy improved. Second, as prostate cancer is a very slowly 
growing tumor, often taking years to manifest clinical change, prospective 
outcome studies designed to evaluate the effects of gene expression or metastases 
may require many years to come to fruition. The ability to perforin RT-PCR-type 
experiments on archival tissues allows investigators to perform retrospective 
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outcome studies in mudi shorter periods of time, since the clinical outccnne may 
afaeady be known. The results oftheRT-PCR assay can be evaluated with respect 
to the clinical outcome. Factors to be examined include serum prostate specific 
antigen (PSA) levels over time and the relationship of positive zssay results to 

5 such fiidors as Gleason grade, clinical stage and preoperative PSA protein levels. 

A reliable test also has inunediate utility in determiniiig proper and 
appropriate treatments for patients. Micrometastases, difficult and often 
impos^ble to visualize by immunohistochemical or other conventional screening, 
are detectable using a RT-PCR assay for metastatic*specific sequences. The 

10 sensitive and rapid techniques described provide anotfier measure for determining 
the proper prognosis of a patient A negative test of the lymfA rKxles would serve 
as a powerful prognostic indicator of a good outcome after surgery. Similarly, a 
positive test definitively indicates that Anther aggressive treatment will be required 
aftersurgery. Lymph iKxles are routinely biopsied as part ofa surgical procedure 

IS and, using the methods of the invention, can now be tested for the presence of 
tumor metastases at a level of sensitivity that exceeds current histopathology and 
inununohistodiemical techniques. Further, q)idemiologic significance of various 
therapies and treatments can be determirml by testir^ archival lymph node 
material from patients vidiose post-operative course over several years is kix>wn. 

20 Assays that demonstrate a strong correlation to outcome would si^est that in the 
fiiture, patients with, ft>r example, prostate cancer, should have their lymph nodes 
screened by tfiis molecular technique prior to undergoing radical procedures sudi 
as prostatectomy vAnch are only curative in true, organ-confined diseases. 

One embodiment of the invention is directed to a method for 

25 detecting a metastatic disorder in a biological sample obtained fit>m a patient 
Disorders which can be detected ir^lude metastatic neoplasms of any tissue which 
express a tissue-specific product. Detectable metastases include disseminated 
carcinoma of the prostate, breast, lung, colorectum, bladder, endometriimi, 
pancreas and cervix. Sarcomas of the muscle, bone, connective tissues and lymph 



PCTfOS9MM61 



14 

nodes aie also identifiable by methods of the invmlion. Preferably, the metastasis 
is a mioometastasis which is undetectable by conventional methods of detection 
sud) as ultrasound, detection of a tissue-specific antigen in senmi, MRI, 
histochonical staining or morphological observatioiL 

S A biological sample suspected of containing metastatic tissue is 

I 

obtained fiom a patient Patieiits may be any mammal and are pre£snd>lyhuinans. 
Human patients may be male or female adults, children or infiuits. Samples may 
also be obtained from a fetus in uiero. Biological samples are typically obtained 
by surgical excision from the body such as, for example, biopsy, or during post- 
10 mortem examination. Samplesmay comprise tissue or flmds fiom any part of the 
body suspected of containing metastatic tissue either from other signs of disease 
or simply from routine screening without any outward signs or symptoms of 
metastatic disease. Tissues vAnch can be routinely screened include the liver and 
the lymph nodes as these tissiKs would be expected to be a first site of lymphatic 
IS or hematogenous spread of metastatic cells. 

Biological samples obtained can be analyzed directly or fixed for 
storage. Fixation may be by refiigeration at 4*^0, freezing at -20*^C or lower such 
as in liquid nitrogen, or by fixation in a fixative. Usefiil fixatives include soluticms 
containing an alcohol such as ethanol, formalin and Camoy's formalin, 
20 formalddiyde or para-formaldehyde, and commercially packaged fixatives such 
as Onmifix, Zenker's fixadve, Bouin's fixative and B-S. Preferably, the fixed 
sample may be preserved for long-term storage such as greater than one month, 
preferably greater than six months and more preferably greater than one year. 
Sample may also be attached to a solid suiqx>rt For example, fixed tissue samples 
25 are often embedded in oils or waxes such as parafiSn. ParafiBn embedded samples 
are often useful because parafBn, as known by those of ordinary skill, can 
adequately preserve fixed samples for many years. Embedded sample can also be 
easily harKiled and manipulated. Portions can be quantitatively removed without 
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affecting the remaining areas of the sample. Alternatively, the entire sanq>le may 
be analyzed 

Nucleic acids are purified fiom the fixed sample. Preferably, 
nucleic acids are extracted from the sample by chonical extraction. Chemicals 
5 which are typically used to purify nucleic acids include acid-guanidinium, salts, 
phenol, chlorofonn and combinations of salts, phenol and chloiofonn. Following 
extraction, nucldc acids are concentrated fiom an aqueous phase by alcohol 
precipitation using, for example, isopropyl or ethyl alcdiol and high speed 
centrifiigation. The purified nucleic acid contains both RNA and DNA. Due to 

10 the prevalence and hardiness of RNases in the environment, RNA in fixed samples 
is typically considered totally or neariy totally degraded or, in any case, imusable. 

Fixation and storage of biological samples severely degrades 
nucleic acids, and particularly RNA, which may be within those samples. Both 
DNA and RNA undergo degradation to progressively smaller fiagments due to the 

1 S prevalence and hardiness of niK^leases in the environment and as a consequence of 
necessary manipulations and the fixation treatment It has not been known, 
however, whether the breakdown process runs to completion so that no intact 
nucleic add remains, or whether the process follows an asymptotic curve, allowing 
some intact lengths of DNA or RNA to remain for much longer periods of time 

20 than previously suspected. In addition, it is also unclear to vAxat degree 
conventional preservation proctxiures themselves finther degrade the available 
nucleic acid. Surprisingly, it has been d^ermined that nucleic acids degrade non- 
randomly in patterns. DNA degrades to contiguous lengths of about 500 base- 
pairs (bp) and RNA to contiguous lengths of about 250 bp. This length 

25 relationship is quite consistent suggesting an asymptotic pattern of degradation. 
Therefore, certain RNA sequences remain specificaUy identifiable and can be 
recovered using the methods of the invention. A series of PCR primers can be 
designed to yield a variety of amplified lengths. Primers are designed to cross at 
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least one intronic segment of the genome, thus allowing easy distinction between 
PGR products generated from contaminating genomic DNA and cDNA. 

The size of the target chosen fm PGR amplification of cDNA 
derived from archival sources pU^rs a critical role in the success of fte leactitm. 
5 RNA molecules that remain in fixed biological sanq>les are less than about 250 
nucleotides in length and in ranges between about 60 nucleotides to about 250 
nucleotides and between about 50 nucleotides to about 150 nucleotides, depending 
on the tissue-type. Consequently, primers designed to produce PCR unplified 
products (target sequences) of less than about 300 bp are preferred. Prefened sizes 
10 of target sequences are between about 50 to about 300 nucleotides m length, more 
preferably between about 75 to about 250 nucleotides and more preferably 
between about 100 to about 200 nucleotides. Often, it may be advantageous to use 
a panel of multiple primer sets, each designed to give a unique product with a 
unique length, for example, less than about 250 bp. This approach is useful when 
15 screening for multiple sequences, any one of which may be indicative of a 
metastasis. Sensitivity and reproducibiUty of tiiis type of assay may be improved 
as at least one of the sets may work even if degradation of the nucleic adds 
precludes all of die sets from woridng. 

To be detectable and identifiable of metastasis, metastatic cells 
20 must express a nucleic acid product which would not otherwise be presert in Ae 
biological sample. Preferably, there is a known primary ttmior and the sample to 
be analyzed is obtained from a secondary ate. For example, a large number of 
neoplastic metastases contain over expression or various nuitations of the p53 gene 
product, many of which have been extensively studied. A series of primers 
25 specific for one or more product expressed from these identifiable gen^c 
mutations can be used to amplify mutated sequences of p53 in the sample. There 
are also numerous examples of tissue-specific expression products tiiat are 
indicative of specific types of metastatic diseases. 



wo 96/21M2 PCTA7S9MNM61 



17 

Piostaie carcinoma metastases express a number of products 
including prostatic carcinoma-associated complex (PAC), prostate-specific acid 
phosphatase (PAP), and PSA i^ose mRNA (Figure 3) and genomic sequences 
(Figure 4) are well-known (P. Schulz et al., Nuc. Acids Res. 16:6226, 1988; R-G. 
5 Klobeck et al., Nuc. Adds Res. 17:3981, 1989). These products, and specifically 
PSA as indicated in U.S. Patent Nos. 4,446,122 and 4,970,299, and Re. 33,405 
which are hereby specifically incorporated by reference, are nearly absolutely 
specific for prostate cells and detection of PAC, PAP or PSA mRNA in non- 
prostate tissue is indicative of metastatic prostatic carcinoma. The product of the 

10 FAP gene is believed to be specific for metastatic colorectal tissue. FAP 
sequences in non-colorectal tissue biopsies is strongly indicative of metastatic 
colorectal carcinoma. The Erfo B2 gene product, the estrogen receptor and the 
progesterone recqrtor are all specific for breast tissue. Presence of these mRNA 
sequences in non-breast tissues nuiy be indicative of metastatic mammary 

15 carcinoma and particularly v/hcn the primary tumor has been demonstrated to 
express one or more of these products. Additional tissue-qiecific expression 
products include insulin and cholecystokinin for pancreatic metastases, albumin 
for liver metastases, amylase for salivary tumor metastases and luteinizing 
hormone for pituitary tumor metastases. Tissue-specific repression products 

20 identifiable to any metastasized tissue such as carcinomas of the endometrium, 
bladder, lung or cervix, and sarcomas of the muscle, bone, connective tissues or 
lymph nodes could be used according to the methods of the invmtion. Although 
the absence of such sequences is not necessarily definitive, ibek presence, if 
known, will often detemiine the course of therapy to be administered. In addition, 

25 both positive and negative controls can be used to quantitate and to confirm or 
dismiss any result obtained. As known to those of ordinary skill, a successful 
prognosis is almost always a requisite for a successfiil treatment 

Identification of metastatic-specific sequences involves reverse 
transcription of the RNA sequences in the sample into cDNA. These cDNA 
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sequences are amplified by PCR. PCR amplification of metastatic-specific or 
target sfquencgs requires the use of specific primers vAiich span protected or 
undigested regions oftheRNA recovered. Protected regions are dififerent for each 
expression product and should be distinguished from genomic sequences. 
S Distinction of expressed from unexpressed sequences can be acconqilished, for 
exanq)le, when the metastatic-specific poduct is a spliced UNA sequence. 

The basic techniques of PCR are desoibed in U.S. Patent Nos. 
4,683,195 and 4,683,202, which are hereby specifically incorporated by reference. 
Variations of these techniques are described in U.S. Patent Nos. 5,043^72, 
10 5,057,410 and 5106,727, which are also specifically incorporated by referCTce. 
PCR reactions may be performed using a two or three step method for between 
about 20 to about 50 cycles and preferably between about 35 to about 45 cycles. 
Preferably, amplification involves a two-step method with an initial pre-treatment 
and a final extension. The pre-treatment step is often necessary to eliminate 
15 secondary structure in the nucleic acids to allow polymerase reactions to proceed 
unimpeded. The final extension step elongates those molecules which may have 
been prematurely terniinaied prior to complete polynierization. The PCR process 
comprises an initial pre-treatment of b^een about 70"C to aboitt 100*C for 
between about 1 niinute to about 30 rxiinutes, followed with between about 20 to 
20 about 50 cycles of two or three steps comprising a first step of between about 
SO^'C to about lOO^'C for between about 30 seconds to about 3 minutes, a second 
stq) of betwem about 45*C to about 75**C for between about 30 seconds to about 
3 minutes, and an optional third step of between about 50*C to about 70*C for 
between about 30 seconds to about 3 minutes, and a final post4reatment of 
25 between about 50"C to about 75'*C for between about 1 minute to about 15 
minutes. A prefenred PCR process comprises a pre-treatment of about 94*C for 
about 15 minutes followed by about 70^C for about 80 seconds, about 39 cycles 
of a first step of about 94°C for about 80 seconds and a second step of about 70**C 
for about 80 seconds, and a post-treatment of about 72 ""C for about six minutes. 
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The exact reaction conditions to amplify each different metastatic expression 
product, such as time, temperature, enzyme amounts and tibe sequence of stqis, 
may vary with primer or target sequence or size, but can be determined enqxiricany 
by those of ordiiuuy skill in the art using the guidelines of the inventicm. 
5 Amplified sequences can be easily detected by a number of 

techniques. For example, sequences may be electrophoresed into an aaylamide 
or agarose gel and stained with ethidium Inomide or another nucleic add stain. 
Alternatively, sequences could be transferred to a solid siq)port such as a 
membrane and stained. Comparison of the bands observed after staining with 

10 known molecular weight markers will determine if the amplified sequences 
correqx>nd to an expected fragment, and thus, indicate the presence of metastatic- 
specific expression products in the biological sample. Utilizing the methods of the 
invention, target sequences can be amplified by more than about 100,000 fold, and 
preferably 1,000,000 fold or more. Another method to measure amplification is 

IS to determine the quantity of metastatic tissue present in the san^xle. Ithasbem 
detemuned that metastatic tissue is detectable in the sample at less than one part 
per 10,000 parts of background, non-metastatic tissue. Such sensitivity has 
her^ofore not been achieved with classical histopathological techniques. 

Another embodiment of the invention is directed to the pruners 

20 i^ch are useful for PCR amplification of rare sequences such as metastatic- 
specific sequences ofbiological samples including fiesh or fixed tissues. Primers 
comprise a sequence that corresponds to the exonic regions of the e^qnessed 
product such that the amplified product detected can be distinguished from 
amplified genomic sequences. The specific exonic sequences utilized will 

25 detemiine the size of the resulting amplified product Primers may also comprise 
sequences such as restriction enzyme or parts of restriction enzyme recognition 
sites, RNA or DNA polymerase recognition sites, terminal blocking groups and 
sequences which facilitate the synthesis or manipulation of the primer or the PCR 
product. 
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Primers may be between about 10 to about 35 nucleotides in length, 
ppeferably between about IS to about 25 nucleotides and mofe jneferaUy between 
about 18 to about 23 nucleotides. Primer pairs should span at least one intronic 
region and also those regions of the metastatic-specific RNA product which is not 

5 d^raded by fixation or long-term storage from RNases in the sample. Preferably, 
the purs should not hybridize with each other, should not comprise sequences to 
common regions ofthe genome and should not possess secondary structure. These 
features would complicate any results obtained. However, primers with a similar 
GC content and, consequently, a similar melting temperature, can often be used to 

10 optimize the system. Examples of primers ^ch are useful for the detection of 
PSA nucleic acid sequences are listed in Table 1 . It is clear to those of ordinary 
skill in the art that variations of these sequences such as snudler or larger 
sequences or adjacent sequences may also be useful. 

Tablet 

15 PSA Specific Primers (5*^3*) 

CGAGA AGCAT TCCCA ACCCT GGC (SEQ ID NO 1) 
GGGTG AACTT GCGCA CACAC GTC (SEQ ID NO 2) 
CCTGG CCTGT GTCTT CAGGA TG (SEQ ID NO 3) 
GAGGT CGTGG CTGGA GTCAT CAC (SEQ ID NO 4) 
20 GTGCT TGTGG CCTCT CGTGG CAG (SEQ ID NO 5) 

GGAGG CTCAT ATCGT AGAGC GGG (SEQ ID NO 6) 
CTCAC AGCTG CCCAC TGCAT CAG (SEQ ID NO 7) 
GTCAT CACCT GGCCT GAGGA ATC (SEQ ID NO 8) 

These primers comprise sequences that correspond to various 

25 regions of the exons of the prostate specific antigen gene. Complementary primers 

span regions of the expressed RNA which are not significantly degraded upon 

fixation or long-term storage of tissue samples. Primer sequences useful for PCR 

amplification of other metastatic-specific nucleic acids can be determined 

empirically by those of ordinary skill in the art. Due to the nq)idity of the PCR 

30 process, the relative ease of generating oligonucleotide primers of any desired 

sequence, and the ability to conduct multiple PCR experiments simultaneously. 
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such an analysis would be expected to be &irly rapid for any known metastatic- 
q)ecific nucleic acid (DNA or RN A) expression product 

Another embodiment of the invention is directed to diagnostic kits 
^ch can be used to detect and screen for rare or low copy sequences such as 

S metastatic-q)ecific sequences in fixed or fresh biological samples. Kits contain 
one or more primers that can be used for PCR amplification of metastatic-spedfic 
sequences. Kits may also comprise reagents for PCR amplification such as a 
thermostable DNA polymerase, deoxyoligonucleotides including dATP, dGTP, 
dCTP and dTTP which may be labeled to facilitate detection, suitable buffers and 

10 salts, and other components necessary or useful for amplification and/or detection 
of amplified sequences. Suitable labels include radionuclides, fluorescoit, 
diemiluminescent or luminescent chemical moieties, digoxeoin-dUTP or coupling 
agents sudi as biotin, avidin and streptavidin. 

Another embodiment of the invention is directed to methods, 

IS primers and diagnostic kits which can be used to detect any expressed sequence 
v^d) is otherwise undetectable in a fresh or fixed biological sample. Such 
sequences include viral sequences which may be repressed, latent or dormant, 
sequences representative of lymphoma or other neoplastic dis(miers and sequences 
which are indicative of genetic diseases and disorders. 

20 The following examples are offered to illustrate embodiment of Ae 

present invmtion, but should not be viewed as limiting the scope of the invention. 

Exampte 

Example 1 Sample Preparation and RNA Extraction. 
25 Nucleic acid was extracted from archival, formalin-fixed, paraffin- 

embedded tissue specimens of human prostate tissue, formalin-fixed rabbit bladder 
tissue and fomialin-fixed human corpus cavernosa tissue, a non-PSA secreting 
genitourinary tract tissue. Paraffin-embedded samples were triimned of excess 
paraffin and weighed. Samples were placed into a petri dish and finely minced 
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vdfli a razor blade. ParafiBn was removed finom the tissue by two incubatioiis of 
five minutes each in xylene at 55 ""C. Total RNA for all samples was isolated by 
grinding the samples for several minutes vdth a tissue homogenizer (Janke and 
Kunkel IKA Labortedmik Ultra-Tunax T2S) at a maximum speed of 24,000 ipm 

5 in tiie presence of TRI-reagent (a rapid acid-guanidinium technique) (Molecular 
Research Center, Inc.; Cincinnati, OH). To prevent sample carry over, the 
homogenizer probe was cleaned by multiple, sequential washes with 1 00% ethanol 
and distilled water. A further wash with O.IN NaOH may also be used to ensure 
complete destriiction of all nucleic acid sequences. The homogenate was allowed 

10 to stand for 5 minutes at room temperature to dissociate nucleoprotein complexes. 
Following the addition of one-fifth volume chloroform, sanq>les wore centrifuged 
at 3,000 x g for 30 minutes. RNA was precipitated from the aqueous phase using 
isopropanol and glycogen (20 ^g) as carrier by n^idly cooling samples to -80^C. 
RNA precipitates were centrifuged at 3,000 x g for 20 minutes al -4^C to obtain 

15 pellets \^ch were subsequently washed in 70% ethanol, resuspended in 500 ^l 
of H2O treated with diethylpyrocarbonate (DEPC) and further purified with a 
phenol-chloroform extraction. Samples were again precipitated with ethanol and 
ammonium acetate using glycogen QO(ig) as a carrier. RNA yield was calculated 
by measuring absorbance of UV at 260 nm. In most cases, the final RNA pellet 

20 was washed with 70% ethanoL dried in a vacuimi centrifuge, and used in the 
reverse transcription reaction. RNA obtained was sampled and the samples 
separated on a denaturing agarose gel and visualized after staining with ethidium 
bromide. No visible evidence of 18s or 28s ribosomai fragments was detected 
indicating that at least partial degradation had occurred. 

25 

Example 2 Reverse Transcription Reactions. 

RNA pellets were incubated in a 50 )il of a solution containing 25 
mM Tris-HCl, 37.5 mM KCK 1.5 mM MgClj, 10 mM dithiothreitol (DTT), 0.5 
mM each of dATP, dCTP, dGTP and dTTP, and 1 random hexameis of DNA 
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(Perkin-Elmer Cetus; Norwalk, CT; and Roche Molecular Systems; Bianchbuig, 
NI). These varied sequences aze moxe likely to bind to degraded RNA than either 
oligo dTs or specific downstream primers, both of which require an intact 
recognition sequence. In addition, this generates a mixed cDNA population, 

5 allowing multiple RT-PCR reactions involving a variety of mRNA transcripts to 
be studied. The mixture was heated to 65^*0 for 1 5 minutes, quickly cooled to 4*C 
and rewarmed to room temperature. Two hundred units of murine Moloney 
leukemia virus (MMLV) reverse transcriptase (GIBCO/BRL; Grand Island, NY) 
and 40 \mits of RNasin, RNase inhibitor (Promega; Madison, WI) were added to 

10 each tube. Incubation was performed in a step wise fashion to maximize cDNA 
yield in a programmable aluminum block thermocycler (MJ Research; Watertown, 
MA) programmed as follows: Step 1: IS'^C for 2 minutes; Step 2: 17*C for 2 
minutes; Step 3: WC for 2 minutes; Step 4: 21 for 2 minutes; Step 5: 23X for 
2 minutes; Step 6: 25*C for 2 minutes; Step 7: 27'*C for 2 minutes; Step 8: 29'C 

15 for 2 minutes; Step 9: 32 ''C for 2 minutes; Step 10: 37"C for 60 minutes; and Step 
1 1: 42*C for 30 minutes to complete synthesis, followed by inactivation of the 
reverse transcriptase by heating to 70*'C for S minutes. 

Example 3 Polvmerase Chain Reactions. 

20 A 2.5 [il sample of the reverse transcription reaction was used for 

amplification with PCR in a total volume of 50 ^1 prepared with final 
concentrations as foUows: 10 ihM Tris-HCl (pH 8.3), SO mM KCU 1.5 mM MgCIj, 
and 0.2 mM each dNTP. In each individual experiment, primer sets were chosen 
to give various PCR product lengths, with a final concentration of 0.2 mM. Five 

25 units of AmpliTaq DNA polymerase (Pcricin-Elmer Cetus; Norwalk, CT; and 
Roche Molecular Systems; Branchburg, NJ) were added to the reaction. Primer 
sequences and relative locations, and the lengths of all pair combinations are 
shown in Figure 3 and in Tables 2 and 3. 
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Table 2 
Sequences for PSA Primen 



Primer 
length 



Sequence (S'-3'^ 



SEQ ID NO 1 CGAGAAGCATTCCCAACCCTGGC 
23 

SEQ ID NO 2 GGGTGAACTTGCGCACACACGTC 
10 23 

SEQ ID NO 3 CCTGGCCTGTGTCTTCAGGATG 
22 

SEQ ID NO 4 GAGGTCGTGGCTGGAGTCATCAC 
23 

15 SEQ ID NO 5 GTGCTTGTGGCCTCTCGTGGCAG 
23 

SEQ ID NO 6 GGAGGCTCATATCGTAGAGCGGG 
23 

SEQ ID NO 7 CTCACAGCTGCCCACTGCATCAG 
20 23 

SEQ ID NO 8 GTCATC ACCTGGCCTGAGGAATC 
23 



cDNA gDNA 

93-115 1734-1756 
544-566 3957-3979 
244-265 3514-3535 
341-363 3611-3632 
118-140 1759-1781 
294-316 3564-3586 
181-203 1822-1844 
326-348 3596^3618 



PSA probe sequeiice:5'-GGAACAAAAGCGTGATCITGCFGGG-3' (SEQ ID NO 
25 9) 

cDNA(bp) = complementary DNA base pair loigth. 
gDNAOv) = genomic DNA base pair length. 
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Table 3 



Downstream 
Primer 





1 


Upstream Primer 

5 


7 


2: 


473 


449 


386 


3: 


173 


148 


85 


4: 


271 


' 246 


183 


6: 


224 


199 


136 


8: 


256 


231 


168 



Reactants were overlayed with 50 ^1 mineral oil and subjected to 
a 2-step regimen of temperature cycling in the aluminum block theraiocycler 
programmed as follows: pre4reatment: 94"C for 15 minutes followed with 70'C 
15 for 80 seconds; treatment: 39 cydcs of 94»C for 80 seconds and 70»C for 80 
seconds; post-trcatment final extension step of72»Cfi)r 6 minutes. PCRpioducts 
fbimed were analyzed by ethidium bronude staining after electrqphoreas in 2.0% 
agarose in 89 mM Tris. 89 mM borate and 0.2 mM EDTA (TBE buffer). Bands 
were visualized with ultraviolet light. 

20 

Example 4 Smithern Rlo ttinf and Detection of Metastatic Sequences. 

After i^arose gel electn^h(»esis of the PGR products, tiie DN A 
was transferred to Duralose, a nylon rdnlbrced nitrocellulose membrane 
(Stiatagene, La Jolla, CA), by Posiblot, a positive pressure blotting apparatus 
25 (Stiatagene; La Jolla, CA). A 363 bp PSA cDNA probe (nucleotides 1351-3979 
in genomic DNA (gDNA) PSA and nucleotides 203-566 in cDNA PSA) was 
amplified from human prostate cDNA derived fiom liquid nitrogen frozen 
specimens at the time of radical prostectomy using the following primers: 
upstream primer=5'-GGAACAAAAGCGTGATCTTGCTGGG-3'(SEQ ID NO 

30 9) 

downstream primer= 5'-GGGTGAACTrGCGCACACACGTC-3' (SEQ IDNO 
10) 
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Products amplified were purified on a 2% low melting temperature 
agarose gel (GIBCO/BRL; Grand Island, NY) nm in SO mM Tris-aoetate, 0^ mM 
EDTA, pH 8.0, bufifer. A 363 bp band was excised and the nudeic add recovered 
by melting the fiagment at 6S''C and extracting with an equal volume of phenol 
5 followed by an equal volume of chloroforai ixecipitated with ethanol in the 
presence of 2.5 M ammonium acetate. Labeled DN A fingroents were dissolved 
in 1 0 mM Tris-HCl, 1 .0 mM EDT A, pH 7.4, at 1 00 ng/|il and labeled by random- 
primed DNA synthesis using the T7 DNA polymerase, Quickprime (Pharmada 
Biotech; Piscataway, NJ) and a^^-dCTP at 800 Ci/mm (Du Pont NEN Products; 

10 Boston, MA). The PSA probe as well as sheared salmon sperm DNA were 
denatured by heating to lOO^C for 2 minutes prior to use. Blots were 
prehybridized in IS ml of Quikhyb (Stratagene; La JoUa, CA) and ISO ^l of 
salmon sperm DNA (10 mg/ml) at Si'^C for 2 hours. Blots were washed under 
low stringency (2 x SSC, 0.1% SDS at 2S''C) and high stringency (0.2 x SSC, 

IS 0.1% SDS at dO^'C), and imaged by autoradiogRq>hy. 

Example 5 Validation of PCR Assay for PSA and GAPDH> 

To validate use of die PCR reaction, a pair of universal primers for 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were designed to amplify 

20 a 247 bp fiagment in most mammals. There is 100% sequence identity in the rat 
and the human sequences in the primers (J. Tso et al., Nuc. Acids Res. 13:248S- 
S02, 198S). This transcript was chosen because of its abundance and presence in 
most cell types. RNA prepared fiom snap frozen prostate biopsies, and human 
corpus cavemosum smooth muscle cells (HCCSMC) was reverse transcribed and 

2S amplified by 2*step PCR. HCCSMC was chosen as a representative human tissue 
of genitourinary tract origin that does not produce PSA and therefore serves as a 
positive control for GAPDH expression and a negative control for PSA oqiression. 
Expected bands sizes are listed in Table 3. 
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For both sets of cDNAs, PSA and GAPDH primers were used in 
the same mixture, with 40 cycles of 94''C for 1 minute, 72"C for 1 minute, with 
a final 6 minute extension at 72''C. Figure 4 depicts the results ofa 2% agarose 
gel as follows: lane 1: BRL 123 bp ladder molecular weight maikofs, lane 2: 

5 HCCSMC cDNA, and lane 3: prostate cDNA. In jail cases, at least one intnmic 
region is crossed to distinguish between amplification of genomic DNA and 
amplification of cDN A by product size. Both HCCSMC and prostate show the 
presence of a 247 bp GAPDH amplified fragment while only the prostate sample 
has a PSA amplified band (473 bp). Other experiments have been done to 

10 optimize PGR conditions and validate primers with only one primer set in tiie 
reaction. These results indicate that both primer sets woric in a 2-step PGR assay, 
and that PSA primers give ix>sitive results in prostate, but not in negative controls. 

Example 6 Sensitivity and rimits of RT>PCR From Arohival Specimens. 

15 The srasitivity of the assay was determined by diluting HCCSMC 

cDNA with a known amount of prostate cDNA. Amplified sequence were 
visualized on a 2% agarose gel in 1 x TEE buffer after ethidium staining. As 
shown in Figure S, lane 1: 123 bp ladder molecular weight markers; lane 2: 1:1 
mixture of prostate cDNA and HCCSMC cDNA; lane 3: 1:10 mixture; lane 4: 

20 1:100; lane S 1:1000; lane 6: 1:10,000; lane 7: primer control (cDNA); and lane 
8: HCCSMC alone. After 40 cycles of2-slep PGR, a 1:10,000 dilution of prostate 
cDN A with HCCSMC cDNA yielded a detectable ethidium bromide stained band. 
Using nonisotopic detection, as described below, detection of one sequmce in 1 0^ 
could possibly be achieved. 

25 RNA was prepared from formaldehyde-fixed rabbit bladder, and 

paraffin-embedded blocks of human corpus cavemosum, and human lymph node 
with a prostate tumor metastasis. RT-PCR was then performed on these samples 
to amplify a 247 bp GAPDH DNA fiagment Figure 6 diows formaldehyde fixed 
rabbit bladder (lane 1 ), parafTm-embedded human corpus cavemosum (lane 2), and 
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minus cDNA control (lane 3). Each lane contains primers 1 and 2, designed to 
amplify a 473 bp PGR product, as well as a primers designed to an^lify a 247 bp 
fiagment from GAPDH: 
upstream primer = 5'-ACTGGCGTCTTCACCACCATGG-3' (SEQ ID NO 11) 
5 downstream primer = 5'-GAGTACTGGTGTCAGGTACGGT-3* (SEQ ID NO 
12) 

These data indicate that while the RNA in archival blocks may be 
partially degraded, PGR amplifiable material is obtained by using random 
hexamers to prepare cDNA and an appropriate target size for PGR. Based on 

10 preliminary data for PGR of PSA from a known prostate tumor metastasis, the 473 
bp target size may be too large, as minima] amplification was detected on ethidium 
bromide stained gels. However, the detection of 247 bp GAPDH from the same 
sample suggests that amplifiable RNA is present, but in smaller fragments. Figure 
7 shows a 2% agarose gel representing: lane 1: 123 bp ladder, lanes 2 and 4: 

IS HGGSMG cDNA, lanes 3 and S: human lymph node (with prostate metastatis) 
cDNA, and lane 6: minus DNA control. It should be noted that only 10% of tte 
cDNA was used for the amplifications, and also that all detection in tiiese 
preliminary experiments has relied on ethidium bromide stained gels. Nonisotqinc 
detection such as Southern blots detected with luminescent probes, will further 

20 enhance the sensitivity of the assay. Therefore, by detennining the optimum size 
of amplifiable fragments, this assay should detect PSA in micrometastases in 
archival lymph node specimens. 

Example 7 RT^PCR Assav for the Expression of PSA. 
25 The assay was designed with four criteria: (1) that cDNA and 

genomic DNA amplification products would have unique, distinguishable sizes, 
(2) that all primers anneal at 72°G(±4''G) such that primer annealing and 
elongation by Taq polymerase could take place in the same stqp, (3) that all 
primers be about the same length and have about the same GG content, and (4) that 
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the opdmal target size of the RNA fragments be detennined such that nested 
primeiscoidd later be used for sccwndaiy amplification. Table 1 lists primers 
thatwereused. By using the second, thiid, and fourth exons of the PSA gene, the 
large intervening sequences w«e easy to distinguish (signal <mly from prostatic 

5 derived tissues) from any contaminating genomic DNA (signal in all cells). The 
optimal target size for PGR amplification of PSA cDNA was determined using 
archival paraffin-embedded prostate cDNA with the primer sets of Table 2. 
Results are shown in Figure 8: lane 1, BRL 123 bp ladder, lane 2, primers 1 and 
4anda271 bp product; lane 3, iwimers 3 and 5 and a 148 bp product; and lane 4, 

10 primers 3 and 7 and an 85 bp product Note that there is a size at which 
amplification is enhanced (148 bp) suggesting that the degraded RNA in the 
archival tissue presents an optimal target size as suggested above. The range to be 
examined is 271 bp to 85 bp in ^proximately 25 bp increments. The feasibility 
of Ais assay was fiinher tested by using formalin-fixed, paraflBn-embedded 

15 prostate tissue to ampUiy PSA using the primers described in die above proposal. 
Primer sets 1 and4 (271 bp product), 3 and 5 (148 bp product), and 3 and 7 (85 bp 
inoduct) were used on cDNA prepared from 80 mg of paraffin-embedded prostate. 
Total cDNA in each reaction was the equivalent of that from 8 mg of tissue. 

20 Example 8 RT-PCR Assay nf FroTen Prostate Tissue. 

To test the validity and q|)ecificity of the PSA primers, Ae RT-PCR 
assay was performed on RNA prepared from freshly frozen prostate specimens 
removed at operation and frozen inamediately in liquid nitrogen, Figure 9, panel 
A, depicts an ethidium bromide stained 2.0 % agarose gels in 1 x TEE buffer afier 

25 electropboretic separation. M = 123 bp ladder, lane 1 is stock concoitration of 
cDNA derived from fresh prostate tissue. Panel A is a test of the various primer 
pairs on fresh human prostate tissue. Panels B, C and D are tests of these same 
primers on formalin-fixed, paraffin-embedded human prostate tissues. Unique 
bands were visualized at each of the predicted target lengths for all of the specified 
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primer comlmiations. Additional bands at higher molecular ^ghts may indicate 
non-specific amplification by DNA polymerase or potential anq>lification of 
genomic DNA (note constant high molecular weight band in essentially all lanes). 
The design of the primers was such that the large intervening intron 2 between 
most of the primer sets (except primer 2) allows easy distinction between 
amplification of cDNA and genomic DNA. Amplification of the genomic DNA 
should yield products that are at least 1630 bp longer than the corresponding 
cDNA with the same set of primers. For primer sets where primer 2 is the 
downstream primer, the PCR product from the genomic DNA should be at least 
1872 bp longer than the product from the corresponding cDNA, reflecting the 
inclusion of both introns 1 and 2. 

In dilution studies using prostate cDN A prepared fiom fiozm tissue 
diluted into a background of human corpus cavemosum cDNA, a non-PSA 
secreting genitourinary tract tissue, it was found that the assay was able to 
demonstrate a signal from the prostate at dilutions of 1:10,000 ^en analyzed by 
ethidium bromide staining. 

Example 9 RT-PCR Assav of Formalin-Fixed Prostate Tissue. 

Three tested specimens of archival, formalin-fixed, paraffin- 
20 embedded tissue are shown in Figure 9, panels C and D, as ethidium-bromide 
stained gels. In all three of the specimens tested, PCR products were obtained 
using primers that generated relatively low molecular weight fiagmoits in die 
rai^e of 85 to 246 bp in length when analyzed by ethidium bromide staining after 
electrophoresis. The primer sets designed to generate fragments with lengths of 
25 85, 148, 173, 183 and 246 bp worked particularly well, although there were 
multiple other bands present besides the 1 83 bp product in that lane in all samples 
tested. PCR products were rarely visualized vfhen the primers vmt designed to 
give fragments longer than 248 bp in length. 
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Figure 10 depicts an ^faidium stained gd of prostate fiom the same 
padent as used in Figure 9, panel B. Each succesave laiw rqneseots a ten-fold 
dilution of cDNA prior to PGR ampUfication. A Southern Wot of same gel 
demonstrates diat the bands viiich could be visualized by ethidium bnxnide in 

5 Figure 10, would also hybridized to a radioactive PSA-specific probe fatOaa 
confinning the identity of the amplified sequences (Figure 1 1). These results 
suggests that RNA degradation most likely occurs during the phase of tissue 
preservation and progresses to yield ftagmraits that are less than 250 bp in lengdi. 
Interestingly, not ail of the primer sets designed to yield PGR products less than 

10 250 bp do so, most likely as a result of suboptimal conditions for that particular 
reaction. In only one tissue block was a 473 Iqj product seen. This tissue was only 
a few weeks old, suggesting that degradation had not progressed as completely as 
in the other two specimens. It is less likely that a particular primer did not 
function adequately, since the tested sets were redundant with reflect to any one 

15 primer. Also, all of the primers woricedweU in reactions involving ftesh tissue, 
making the likelihood of complete primer failure less likely. 



Example 10 rteieetion of P N a in Pataffin-Emhedded I ,vmnh Nodm . 

RNA was prepared fiom archival, formalin-fixed parafBn- 

20 embedded \ymjib nodes fiom a patient v/bo had undergone pelvic 
lymphadenectomy and radical prostatectomy several years prior. At the time of 
the original operation, lymph nodes were evahiated by conventional 
histopathology and judged to be ftee of prostate metastases. The qpedmen was 
tested using the RT-PCR jMOcedure described in Examples 2 and 3. PSA mRNA 

25 were detected in amplification reactions using five of the primer s^ of Table 3. 

Other embodiments and uses of the invention will be ^parent to 
those skilled in the art from consideration of the specification and practice of Ae 
invention disclosed herein. The specification and examples should be considered 
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exemplary only with the true scope and spirit of the invention indicated by the 
following claims. 
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SBQUBNCB LISTING 



(1) 6BMBRAL IMFORMATZON 

(i) APPLIO^: EDELSTBIN, Robert A. 

MOSBLAND, Robert B. 

(ii) TITLE OF THE INVBNTICai: PRIMER FOR THE PCR AMPLIFICATION 

OF METASTATIC SBQDBNCBS 

(iii) NOMBBR OF SBQOENCES: 19 

(iv) CORRESPONDENCE ADDRES S ; 

(A) ADDRESSEE: BAKER & BOTTS, L.L.P. 

(B) STREET: 1299 Pennsylvania Avenue, N.W. 

(C) CITY: Washington 

(D) STATE: DC 
(B) C0DN7RY: USA 
(F) ZIP: 20004-2400 

(V) COMPUTER READABLE FGSMt 

(A) MEDIUM TYPE: Diskette 

(B) COMPirrER: IBM Coiq>atible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSBQ Version 1.5 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/368,706 

(B) FILING DATE: 04- JAM- 1995 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATS: 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Remenick, James 

(B) REGISTRATION NUMBER: 36,902 

(C) REFERENCE/DOCKET NDMKR: 16865-0165 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 202-639-7700 

(B) TELEFAX: 202-639-7890 
(G) TELEX: 



(2) INFORMATION FOR SBQ ID N0:1: 

(i) SBQUBNCB CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLBCOIiB TYPB: tDSk 

(iii) HYPOTHETICAL: MO 

(iv) AKTISEMSE: NO 
(V) FRAOOSNT TYPB: 
(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
0(5AGAA6CAT TCCCAACCCT GGC 

(2) INFORMATION FOR SEQ ID H0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear . 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 
GGGTGAACTT (XX3CACACAC <3TC 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE C3IARACTERISTICS : 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCX: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 
CCTGGCCrrGT GTCTTCAGGA TG 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 
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(C) STRAMDEDHBSS ; single 

(D) TOPOLOGY: linear 

(ii) MOLBC DLB T YPB; tDSk 

(iii) HYPOTHETICAL: HO 

(iv) AHTISBNSB: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DBSCRIPTKai : SEQ ID NO: 4: 
GAGGTCGTG6 CTGGAGTCAT CAC 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: HO 

(iv) ANTISBHSE: HO 
(V) FRA(»4BNT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GTGCTTGTG6 CCTCTOGTGG CAG 

(2) IHFORMATIOH FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACriERISTICS : 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) AHTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GGAGGCTCAT ATCGTAGAGC <3GG 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



(D) TOPOLOGY: linear 

(ii) MOLBCOLB TYPE; CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISBNSB: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SODRCB: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
CTCACAGCTG CCCACTGCAT CAG 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEW?rH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 
GTCATCACCrr GCSCCTGAGGA ATC 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) IWLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
GGAACAAAAG CGTGATCTT6 CTGGG 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 
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(ii) MOLEC OLE T YPE; cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISBHSE: KO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 10: 
GGGTGAACTT GCGCACACAC GTC 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLEC ULE T YPE: CDNA 

(iii) HYPOTHETICAL: NO - 

(iv) ANTISBNSE: NO 
(V) FRAOffiNT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
ACTGGCGTCT TCACCACCAT 06 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDHA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 
GAGTACTGGT GTCAGGTACG GT 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1729 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLBC DLB T yPB; cDNA 

(iii) HYPOTHETICAL: MO 

(iv) AMTISENSB: NO 

(v) FRAM5NT lYPB: 

(vi) ORIGINAL SODRCB: 

(Xi) SEQDBMCB DBSCRIPTION: SEQ ID NO: 13: 

AAGCTTTCCC TTCTCCCAGT CCAAGACCCC AAATCACCAC AAAGGACCCA ATCCCCAGAC 60 

TCAAGATATC GTCTGGGOSC 'i m X.Vm'mT CTCCTACCCT GATCCCTGGG TTC3JICTCTS 120 

CTCCXS^GAGC ATSAAGCCTC TCCACCAGCA CAGCCACCAA CCTX5CAAACC TAGGGAA6AT 180 

TCACAGAATT CCXaGCCTTT CCCAGCTCCC CCTGCCCATG TCCCAGGACT CCCAGCCTTG 240 

GTTCTCIGCC CCXX5TGTCTT TTCAAACCCA CATCCTAAAT CCATCTCCTA TCCGAGTCCC 300 

CCA6TTCCTC CTGTCAACCC TGATTCCCCT GATCTA6CAC CCCCTCIXSCA GGTGCTGCAC 360 

CCCTCATCCT GTCTCGGATT GTGGGA(3GCT GGGAGTGCX5A GAAGCATTCC CAACCCTGGC 420 

AGGTCCTT6T AGCCTCTOGT GGCAGGGCAG TCTGCGGOSG TGTTCTGGTG CACCCCCAGT 480 

GGGTCCTCAC AGCTACCCAC TGCATCAGGA ACAAAAGCGT GATCTTGCTG GGTCGGCACA 540 

GCCTSTTTCA TCCTGAAGAC ACAGGCCAGG TATTTCAGGT CAGCCACAGC TTCCCACACC 600 

OGCTCTACGA TATGAGCCTC CTGAAGAATC 6ATTCCTCA6 GCCAGGTGAT GACTCCAGCC 660 

ACGACCTCAT GCT6CTCCX3C CTGTCAGAGC CTGCOGAGCT CACGGATGCT ATGAAGGTCA 720 

TGGACCTGCC CACCCAGGA6 CCAGCACTGG GGGACCACCT GCTACGCCTC AGGCTG GGGC 780 

AGCATTGAAC CAGAGGAGTT CTTGACCCCA AAGAAACTTC AGTGTGTGGA CCTCCAT6TT 840 

ATTTCCAATG ACGTGTGTGC GCAAGTTCAC CCTC31GAAGG TGACCAAGTT CATS CTGT ST 900 

6CTGGACXX7 GGACAGGGG6 CAAAAGCACC TGCTCQGGTG ATTCTGGGGG CCCACTT6TC 960 

TGTAATGGTG TGCTTCAAGG TATCAOGTCA TGGG6CAGT6 AACC31TGTGC CCT6CCCGAA 1020 

AGGCCrrCCC TGTACACCAA GGTGGTGCAT TACOGGAAGT QGATCAAGGA CACC ATOGTG 1080 

GCCAACCCCT GAGCACCCCT ATCAACTCCC TATtaTAGTA AACTTGGAAC CTTGGAAATG 1140 

ACCAGGCCAA GACTCAGGCC TCCCCAGTTC TACTGACCTT TGTCCTTAGG TGTGAGGTCC 1200 

AGGG1TGCTA GGAAAAGAAA TCAGCAGACA CAGGTGTAGA CCAGAGTGTT TCTTAAATGG 1260 

TGTAATTTTG TCCTCTCTGT GTCCTGGGGA ATACTGGCCA TGCCTGGAGA CATATCACTC 1320 

AATTTCTCTG AGGACACAGA TAGGATGGGG TGTCTGTGTT ATTTtSTGGGG TACAGAGAT6 1380 

AAAGAGGGGT GGGATCCACA CTGAGAGAGT GGAGAGTGAC ATGTGCTGGA CACTGTCCAT 1440 

GAAGCACTGA GCAGAAGCTG GAGGCACAAC GC31CCAGACA CTCACAGCAA GGATGGAGCT 1500 

GAAAACATAA CCCACTCTGT CCTGGAGGCA CTGGGAAGCC TAGAGAAGGC TGTGAACCAA 1560 

GGA6GGAGGG TCTTCCTTTG GCATGGGATG GGGATGAAGT AAGGAGAGGG ACTGA CCCCT 1620 

GGAAGCT6AT TCACTAT6GG GG6AGGT6TA TTGAAGTCCT CCA6ACAACC CTCAGATriG 1680 

ATGATTTCCT AGTAGAACTC ACAGAAATAA AGAGCTGTTA TACIGTGAA 1729 

(2) INFORMATION FOR SEQ ID N0:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1728 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAiOlENT TYPB: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
GGTGTCTTAG GCACACTGGT CTTGGAGTGC AAAGGATCTA GGCACGT6AG 6CTTTGTATG 60 
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MGUaCGGG 
CTTTGTCCCC 
AGTA ^TTSC A 
GGGG6TT6TC 
GG6CAG6G6C 
6CCCCAAGCT 
CCTCACCCTG 
6GGAGCCA6C 
AGACAGGGA6 
TCCCCTCXAT 
CCCA GAAC TT 
GGAA6TTCCT 
CTCAATGCCA 
ATCACAGTCT 
TGATGCTT6G 
TTTCCTAGCC 
CTCTSAGAAC 
TTTCCTTAGG 
TCTGCATCCT 
6ACCA6AACT 
CAACTGAACC 
ATCCACAACT 
ACCCAATCCC 
CT6G6TTCAA 
CAAACCTAGG 
AG6ACTCCCA 
CTCCTATCOG 
TCTGCAGGOG 



6ATC6TACCC 
TAGATGAAGT 
GAACAGCAAG 
CAGCCrCCAS 
GGA6TCCT66 
TACCACCTQC 
TCOST SAOST 
CCTGACT STC 
CTGGGCTCTT 
ATTSCAACAG 
TCTTCCCATT 
GG6CATCTCC 
TTGGTTCCTT 
ACTGACTTTT 
CCTCCCAATC 
AGGCTATCTG 
TCCTCATTCC 
AAAAACATGA 
TTTCAAAACC 
GTTTTCTCAA 
TC6CCATAAG 
TGTACCAA6T 
CAGACTCAA6 
CTCTCCTCCC 
CA AGAT TGAC 
GCCTTGGTTC 
AGTCCCCCAG 
CTGC6CCCCT 



ACCCCCT5TT 
CTCCATGAGC 
TGCTAGCTCT 
CA6CATGGG6 
GGAATGAAGG 
ACCCGGAGA6 
GGATTGGTSA 
AA GCTSAGG C 
TTCIX5TCTCT 
TCCTCACTCC 
T8CCCAGCCA 
G- m ' m 'L'l'L'l' 
GGACCX3TATC 
CCCATTCAGC 
TT6CCCTAGG 
GCCTGAGACA 
CTGACTCTTA 
GCATCCCCA6 
TAAAAACAAA 
CCTGGGACTT 
GCACTTATCC 
TTCCC TTCTC 
ATATGGTCTG 
AGA6CATSAA 
AGAATTCCCA 
TCTGCCCCC6 
TTCCCCCTGT 
CATCCTGTCT 



TCTGTTTCAT 
TACAAGGGCC 
CCCTCCCCTT 
AG6GCCTT66 
TTTTATAGGG 
CTSTGTCACC 
6A6GG6CCAT 
TCTTTCCCCC 
CCCAGCCCCA 
CACACCAGGT 
GCTCCCTGCT 
TT6TGG66CT 
ACTGG TCCAT 
T6TGAGTGTC 
ATACCCAGAT 
ACAAAT6G6T 
6CCCCAGACT 
CX31CAACT6C 
AAGAAA AACA 
CCTAAACTIT 
CTGGTTCCTA 
CCAG TCCAAS 
G6C6CTSTCT 
GC CTCTC CAC 
GCCTTTCCCA 
TGTCTTTTCA 
CAACCCT6AT 
CGGATTGTGG 



CCTGG6CATG 
TGGTGCATCC 
CCAC3U3CTCT 
TCAGCCTCTG 
CTCCTGGGGG 
AT6TGGGTCC 
G6TIGGGGG6 
CCAACCCA6C 

crrcjMSCcc 

CCCOGCTCCC 
CCCAGCTGCT 
CAAAACCTCC 
CTCCTGAGCX: 
CAACCCTATC 
GCCAACCA6A 
CCCTCAGTCT 
CTTCATTCAG 
CAGCTCTCTG 
AATAAAACAA 
CCAAAACCTT 
GCACCCCTTA 
ACCCCAAATC 
TGTGTCTCCT 
CA6CACCASC 
GCTCCCCCrG 
AACCCACATC 
TCCCCTGATC 
GAG6CTG6 



TCTCCTCTGC 120 

AGG6TGATCT IBO 

GGGTGTQG6A 240 

G6T6CCA6CA 300 

AG GCTCC CCA 360 

OGGTTGTCTT 420 

ATGCAGGAGA 480 

ACXrCAGCCC 540 

ATACCCCCAG 600 

TCCCACTTAC 660 

TTACTAAAGG 720 

AAGGACCTCT 7B0 

CCTCAATCCT «40 

CCAGAGACCT 900 

CACCTCCTTC 960 

GGCAAT6GGA 1020 

TGGCCCACAT 1080 

AGTCCCX3UVA 1140 

AACCAACTCA 1200 

CCTCTTCCAG 1260 

TCCCCTCAGA 1320 

ACCACAAAGG 1380 

ACCCTGATCC 1440 

CACCAACCTG 1500 

CCCATGTCCC 1560 

CTAAATCCAT 1620 

TAGCACCCCC 1680 
1728 



(2) INFORMATI(»l FOR SBQ ID N0:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISBNSB: NO 

(V) FRAQ1ENT TYPE: N- terminal 
(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Net Val Txp Ala Leu 

1 5 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 245 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 
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(ii) MOLBCDLB TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: N-texminal 

(vi) ORIGINAL SOURCE: 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



Ala 


Ala 


Pro 


Leu 


He 


Leu 


Ser 


Arg 


He 


Val Gly 


Gly 


Trp Glu 


cys 


Glu 


1 








5 










10 






15 




Lys 


Bis 


Ser 


Gin 


Pro 


Trp 


Gin 


Val 


Leu 


Val Ala 


Ser 


Arg Gly 


Arg 


Ala 






20 










25 






30 






Val 


Cys 


Gly 


Gly 


val 


Leu 


Val 


Bis 


Pro 


Gin Trp 


Val 


Leu Thr 


Ala 


Thr 




35 










40 








45 






His 


Cys 
50 


He 


Arg 


Asn 


Lys 


Ser 
55 


Val 


He 


Leu Leu 


Gly 
60 


Arg His 


Ser 


Leu 


Phe 


His 


Pro 


Glu 


Asp 


Thr 


Gly 


Gin 


Val 


Phe Gin 


Val 


Ser His 


Ser 


Phe 


65 








70 






75 








80 


Pro 


His 


Pro 


Leu 


Tyr 
85 


Asp 


Met 


Ser 


Leu 


Leu Lys 
90 


Asn 


Arg Phe 


Leu 
95 


Arg 


Pro 


Gly 


Asp 


Asp 


Ser 


Ser 


His 


Asp 


Leu 


Met Leu 


Leu 


Azg Leu 


Ser 


Glu 




100 








105 






110 






Pro 


Ala 


Glu 


Leu 


Thr 


Asp 


Ala 


Met 


Lys 


Val Met 


Asp 


Leu Pro 


Thr 


Gin 






115 








120 




125 






Glu 


Pro 


Ala 


Leu 


Gly 


Thr 


Thr 


Cys 


Tyr 


Ala Ser 


Gly 


Trp Gly 


Ser 


He 




130 










135 






140 








Glu 


Pro 


Glu 


Glu 


Phe 


Leu 


Thr 


Pro 


Lys 


Lys Leu 


Gin 


Cys Val 


Asp 


Leu 


145 










150 






155 






160 


His 


Val 


He 


Ser 


Asn 


Asp 


Val 


Cys 


Ala 


Gin Val 


Bis 


Pro Gin 


Lys 


Val 










165 








170 






175 




Thr 


Lys 


Phe 


Met 
180 


Leu 


Cys 


Ala 


Gly 


Arg 
185 


Trp Thr 


Gly 


Gly Lys 
190 


Ser 


Thr 


Cys 


Ser 


Gly 


Asp 


Ser 


Gly 


Gly 


Pro 


Leu 


Val Cys 


Asn 


Gly Val 


Leu 


Gin 






195 










200 






205 






Gly 


He 


Thr 


Ser 


Trp 


Gly 


Ser 


Glu 


Pro 


Cys Ala 


Leu 


Pro Glu 


Arg 


Pro 




210 










215 






220 








Ser 


Leu 


Tyr 


Thr 


Lys 


Val 


Val 


His 


Tyr 


Arg Lys 


Trp 


He Lys 


Asp 


Thr 


225 










230 








235 








240 


lie 


Val 


Ala 


Asn 


Pro 
245 





















(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDHBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAOIENT TYPE: N- terminal 

(vi) ORIGINAL SOURCE: 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

His I-eu Leu Tyr Asp Gin Met 
1 5 



(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLEC ULE T YPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(V) FRAGMENT TYPE: N- terminal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

•p Val Pro Val Val Phe Leu Thr Leu Ser Val Thr Trp lie Gly 
^ 5 10 15 



(2) INFORMATION FOR SEQ ID N0:19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(V) FRAGMENT TYPE: N-teiroinal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Ala Ala Pro Leu lie Leu Ser Arg He Val Gly Gly Trp 
1 5 10 
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We Claim : 

1 . A method for detecting a metastatic disorder comprising the steps of: 

a) providing a fixed biological sample suspected of containing 
metastatic tissue; 



2. The method of claim 1 wherein the metastasis detected is selected from the 
10 gn>iq[) consisting of metastatic carcinomas of the prostate, breast, colorectum, liver, 

pancreas, pituitary, endometrium, bladder, lung and cervix. 

3. The method of claim 1 wherein the fixed biological sample is a surgically 
removed sample of tissue. 

4. The method of claim 3 wherein the tissue sample is human lymphatic 
IS tissue. 

5. The method of claim 1 ^^lerein the sample is fixed by treating the sample 
with a formalin solution or a formaldehyde solution, or by fiecdng. 

6. The method of claim 1 wherein the fixed sample can be stored for greater 
than one year. 

20 7. The method of claim 1 herein the fixed biological sample is embedded 
in a solid support 

8. The method of claim 7 wherein the solid support is paraffin. 

9. The method of claim 1 wherein the target sequence is amplified by 
pol)anerase chain reaction. 

25 10. The method of claim 9 wherein the polymerase chain reaction comprises 
a pre-treatment of about 94 °C for about 15 minutes followed by about 70 *C for 
about 80 seconds, about 39 cycles of a first step of about 94''C for about 80 
seconds and a second step of about 70 for about 80 seconds, and a post- 
treatment of about 72 ""C for about six minutes. 



5 



b) 
c) 



reverse transcribing RNA contained in die fixed sanq>le to cDNA; 
amplifying a target sequence of the cDNA \^erein said target 
sequence is specific to said metastatic tissue; and 
detecting the amplified target sequence. 
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11. The method ofclaim 9 wherein the polymerase chain 
reaction. 

12. The method of claim 9 wherein the polymerase diain reaction is perfixmed 
for between about 20 to about SO cycles. 

5 13. The method of claim 1 wherein the target sequoice is anq>lified by more 
than about 1,000,000 fold. 

14. The method of claim 1 vlierein the metastatic tissue is present in the 
sample at about one part per 10,000 parts of non-metastatic tissue. 

15. The method of claim 1 wherein the target sequence is selected from the 
10 group consisting of DNA sequences which correspond to mRNA of prostate 

qiecific antigen, prostate-specific acid phosphatase, prostatic carcinomaH^ssociated 
complex, Erb B2, p53, albumin, progesterone and estrogen receptor, FAP, 
amylase, luteinizing hormone and insulin. 

16. The method of claim I wherein the target sequence is less than about 250 
15 nucleotides in length. 

17. The method of claim 1 wherein the amplified target sequence is detected 
isotopically. 

18. A method for detecting metastatic prostate carcinoma conqm^ng the stqps 



of: 



20 



a) providing a fixed biological sample suspected to contain metastatic 



prostate tissue; ' 

b) reverse transcribing RNA of the fixed sample to cDNA; 

c) PGR amplifying a target sequence of the cDNA vimein said target 



25 



sequence is specifically expressed in said prostate tissue; and 
d) detecting the amplified sequence. 



19. The method of claim 1 8 vslierein tiie fixed biological sample is a surgically 
removed sample of human lymphatic tissue. 
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15 



20 



20. The metfiod of claim 18 wherein the sample is fixed by treatiiig the sanqrfe 
with a foimalin solution or a fonnaldehyde solution, or by fireezing. 

21. The method of claim 1 8 Mdierein the fixed sample is embedded in paiafiBn. 

22. The method of claim 18 wherein the taiget sequence corresponds to a 
sequence of prostate specific antigen mRNA. 



23. The method of claim 18 wherein the target sequence is less than about 250 
nucleotides in length. 

24. The method of claim 1 8 wherein PCR amplification is performed with a 
primer comprising a sequence selected fipom the group consisting of: 

5*-CGAGAAGCATTCCCAACCCTGGC-3' (SEQ ID NO 1); 
5*.GGGTGAACTTGCGCACACACGTC.3' (SEQ ID NO 2); 
5'<:CTGGCCTGTGTCTTCAGGATG-3' (SEQ ID NO 3); 
5'-GAGGTCGTGGCTGGAGTCATCAC-3* (SEQ ID NO 4); 
5'-GTGCTTGTGGCCTCTCGTGGCAG-3' (SEQ ID NO 5); 
5'-GGAC}GCTCATATCGTAGAGCGGG-3' (SEQ ID NO 6); 
5'-CTCACAGCTGCCCACTGCATCAG.3' (SEQ ID NO 7); and 
5*^TCATCACCTGGCCTGAGGAATC-3' (SEQ ID NO 8). 

25. The method of claim 18 wherein the prostate tissue is present in the sample 
at less than about one part per 10,000 parts of non-prostate tissue. 

26. The method of claim 1 8 wherein the taiget sequence is amplified by more 
than about 10^ fold. 

27. A pair of primers for PCR amplification of a nucleic acid expressed fiom 
a metastatic-specific gene wherein a sequence of one primer corresponds to an 
exxMiic sequence of said gene and a sequence of the other primer corresponds to a 
sequence of a different exonic sequence of said gene wherein said sequences are 
within about 250 nucleotides of each other along an expressed region of said gene. 

28. The primers of claim 27 wherein the metastatic-specific gene is selected 
fiom the group consisting of the genes which encode prostate specific antigen, 
prostate*specific acid phosphatase, prostatic carcinoma-associated complex, p53. 
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albumin, estrogen receptor, progesterone receptor, cholccystokinin, insulin, 
hneiniang honnone and salivary amylase. 

29. The primers ofclaim 27 vAieiein said sequences are within about 70 lo 

about 250 nucleotides of each other. 

5 30. A pair of primers for PGR amplification of nudeic adds sped&c for 
ixostate ^lecific antigen wherein a sequence of one primer corresponds to an 
exonic sequence of the prostate specific antigen gaie and a sequence of the other 
primer corresponds to a different exonic sequence of the prostate spedfic antigen 
gene and said sequences are within about 250 nucleotides of each othw along an 

10 exi»essed region of said gene. 

3 1 . The primers of claim 30 wherein said sequences are within about 70 to 
about 250 nucleotides of each other. 

32. The primers of claim 30 wherein said sequences are within about 50 to 
about 150 nucleotides of each other. 

15 33. The primers of claim 30 wherein the sequence of tme primer is sdected 

fiom the group consisting of: 

5'-CGAGAAGCATTCCCAACCCTGGC-3* (SEQ ID NO 1); 

5'-GTGCTTGTGGCCTCTCGTGGCAG-3' (SEQ ID NO 5); and 

5'-CTCACAGCTGCCCACTGCATCAG-3' (SEQ ID NO 7); and the 
20 sequoice of said other primer is selected firom the group consisting of; 

5'-GGGTGAACTTGCGCACACACGTC-3' (SEQ ID NO 2); 

5'-CCTGGCCTGTGTCTTCAGGATG-3' (SEQ ID NO 3); 

5 -GAGGTCGTGGCTGGAGTCATCAC-3' (SEQ ID NO 4); 

5*-GGA(}GCTCATATCGTAGAGCGGG-3' (SEQ ID NO 6); and 
25 5'-GTCATCACCTGGCCTGAGGAATC-3' (SEQ ID NO 8). 

34. A diagnostic kit for the detection of m^astatic fnostate carcinoma 
comprising a pair of primers for PGR amplification of nucldc adds spedfic for 
prostate specific antigen wherein a sequence of one primer corre^nds to an 
exonic sequence of the prostate specific antigen gene and a sequence of the other 
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primer ooire^nds to a dififerent exonic sequence of the prostate specific antigen 
gene and said sequences are within about 250 nucleotides of each other along an 
expressed region of said gene. 

35. The kit ofclaim 34 wherein the sequence ofone primer is selected firom the 
5 group consisting of; 

5'-CGAGAAGCATTCCCAACCCTGGC-3' (SEQ ID NO 1); 
5'-GTGCTTGTGGCCTCTCGTGGCAG-3' (SEQ ID NO 5); and 
5'-CTCACAGCTGCCCACTGCATCAG-3' (SEQ ID NO 7); and the 
sequrace of said other primer is selected from the group consisting of; 
10 5'-GGGTGAACTTGCGCACACACGTC-3' (SEQ ID NO 2); 

5'-CCTGGCCTGTGTCTTCAGGATG-3' (SEQ ID NO 3); 
5'-GAGGTCGTGGCTGGAGTCATCAC-3' (SEQ ID NO 4); 
5'-GGAGGCTCATATCGTAGAGCGGG-3' (SEQ ID NO 6); and 
5'-GTCATCACCTGGCCTGAGGAATC-3' (SEQ ID NO 8). 
IS 36. The kit of claim 34 further comprising a thermostable DNA polymerase 
and reagents for PGR amplification reactions. 
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Prostatic Specific Antigen Gene Structure 
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